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Objective: Associations of eveningness with health hazards benefit from analyzing to what extent the
polygenic score for morningness correlates with the assessments of the behavioral trait of morningness-
eveningness and chronotype.
Methods: With a population-based sample of 17,243 Finnish adults, aged 25e74 years, this study ex-
amines the associations of four feasible assessment methods of chronotype, a) biological the genetic
liability based on the polygenic score for morningness (PGSmorn), b) the widely-used single item for self-
assessed morningness/eveningness (MEQi19) of the original Morningness-Eveningness Questionnaire
(MEQ), c) the behavioral trait of morningness-eveningness as assessed with the score on the shortened
version (sMEQ) of the original MEQ, and d) the phase of entrainment as assessed with the habitual
midpoint of sleep based on the self-reported sleep-wake schedule during weekend (Sleepmid-wknd) as
well as the sleep debt corrected midpoint of sleep (Sleepmid-corr).
Results: All self-report measures correlated with each other, but very weakly with the PGSmorn, which
explained 1e2% of the variation in diurnal preference or habitual sleep-wake schedule. The influence of
age was greater on Sleepmid-wknd and Sleepmid-corr than on the sMEQ or MEQi19, indicating that the
diurnal preference might be a more stable indicator for morningness-eveningness than the sleep-wake
schedule. Analyses of the discrepancies between sMEQ and MEQi19 indicated that eveningness can be
over-estimated when relying on only the single-item self-assessment.
Conclusions: The current polygenic score for morningness explains only a small proportion of the vari-
ation in diurnal preference or habitual sleep-wake schedule. The molecular genetic basis for
morningness-eveningness needs further elucidation.
© 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).study; MEQ, Morningness-
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B.V. This is an open access article u1. Introduction
Many of the physiological functions and behavioral activity
patterns, such as sleep onset and awakening times, blood pressure,
hormone secretion and body temperature, operate according to
individual circadian rhythms [1] that follow approximately a 24 h
period [2]. Based on the variation in the timing of circadian rhythms
individuals differ by their chronotype with earlier or later timed
peaks in their physiological and behavioral functions [3e5]. Twin
studies have given heritability estimates of 44%e57% for diurnal
preference [6e8] and chronotype is considered to be a fairlynder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
I. Merikanto, K. Kantoj€arvi, T. Partonen et al. Sleep Medicine 80 (2021) 322e332unchangeable biological character in healthy individuals across the
adulthood [9,10]. Understanding the mechanisms and variation in
individual chronotype has become increasingly relevant as a
growing number of epidemiological studies have found an associ-
ation between chronotype and various health outcomes [11,12]. For
instance, eveningness has been associated with increased risk for
poorer mental health and depression [13,14], cardiovascular dis-
eases and type 2 diabetes [15,16], respiratory disorders [17] and
spinal diseases as compared to diurnal preference for morningness
[18,19]. However, the chronotype assessment method can differ
greatly between epidemiological studies, as there are different
subjective or objective ways to determine diurnal behavioral or
physiological rhythms. This challenges comparisons of different
study outcomes especially eg regarding diverse estimations on
population-level chronotype prevalence.
Individual chronotype can be operationalized as eg, timing of
diurnal body temperature [20e22] or melatonin secretion [23],
sleep-wake behavior assessed either with actigraphy [24] or by
questionnaires [25], or as questionnaires on diurnal preference
[5,26]. Of these, dim-light melatonin onset is considered a reliable
circadian marker, but it is not feasible in large cohort studies
[27,28]. Measuring body temperature rhythm from wrist or sleep-
wake patterns with accelerometers are practical solutions for
chronotype measurements, but can also easily be influenced by
current physical and environmental conditions [20,24,29,30].
However, for large epidemiological studies, a subjective
assessment, such as questionnaires assessing chronotype via
sleep-wake behavior vs. via diurnal activity preferences is a
feasible tool to assess representative samples at a population-
level. Both Munich ChronoType Questionnaire (MCTQ) for sleep-
wake behavior [25] and Morningness-Eveningness Question-
naire (MEQ) for diurnal preference [5] correlate strongly with dim
light melatonin onset [31]. Of these, MEQ is more widely used and
has also a high reliability [32] and reproducibility [33]. MEQ has
also been shown to correlate with the circadian period length and
core body temperature phase [4]. However, 19-item original MEQ
can be lengthy to respond. Thus shorter MEQ versions have been
introduced, including 4 items [34], 5 items [35] or 6 items [36]. All
shortened scales consist of slightly different original MEQ items.
Of the shortened versions, the 6-item version explains most, 83%,
of the total variation of the full MEQ [36] and is therefore used
here to describe diurnal preference along with single item self-
assessment of diurnal preference. Regarding sleep-wake
schedule, midpoint of sleep on work-free days describes individ-
ual circadian sleep-wake rhythm better than when measured on
working days when sleep habits are more governed by the societal
schedules [37].
Recently, results from genome-wide association study (GWAS)
on very large samples have given estimates for the polygenic
variation of diurnal preferences based on a single item of MEQ
[38e40]. GWAS is a powerful tool in search of multiple genetic
single-nucleotide variants across genome that associate with
certain traits and diseases [41]. GWASs on morningness/evening-
ness thus enable calculation of polygenic scores (PGS) for a genetic
tendency towards morningness/eveningness in any sample
comprising genetic information. Using polygenic scores (PGS) for
summarized genetic effects of multiple single nucleotide poly-
morphism (SNP), the effect of which would individually be too
weak to reach significance in relation to the studied phenomenon,
has become a popular approach in health research [42].
Researchers must thus make decisions on which assessment
method to choose for studying chronotype. In epidemiological
studies targeting large sample sizes, it is an attractive solution to
reduce questionnaire items in order to reach better response rates
or to use data from existing biologic samples, such as genetic323information, which are becoming more readily available from an
increasing number of people in Biobank repositories. In national
health examination studies or surveys examining the association of
multiple possible factors regarding a specific health issue, the
number of instruments used for chronotype assessment is likely
restricted into one or few low-cost and feasible methods. In those
situations, the use of a single item on the self-reported diurnal
profile or the calculation of PGS for morningness/eveningness may
be the most likely candidates for assessment instruments. It is,
however, largely unknown how well PGS for morningness/eve-
ningness derived from one study can be translated to assess chro-
notype in other cohorts, with different genotypic variation. Thus
far, only one longitudinal study [43] showed an association be-
tween higher PGS for morningness, consisting of the SNPs reaching
the level of genome-wide significance in a previous GWAS [44], and
earlier timed midpoint of sleep from childhood to adolescence. It is
also elusive how well the single question for self-assessed morn-
ingness/eveningness, which is used when diurnal preference has
been assessed in the large-scale GWA studies [38e40], corresponds
to different assessments of diurnal preference at a population level
among adults.
Accordingly, the current study examines the population-based
correlation between the polygenic score for morningness
(PGSmorn) and the self-reported preference to daily activities and
timing of sleep. These self-reports include a) the single item for
self-assessed morningness/eveningness (MEQi19) of the original
MEQ on which the most recent and the largest GWAS on morn-
ingness/eveningness [39] was based, b) the 6-item shortened
version (sMEQ) of the original MEQ, and c) the midpoint of sleep
based on the self-reported sleep-wake schedule on weekends
(Sleepmid-wknd) along with the midpoint of sleep corrected for sleep
debt (Sleepmid-corr). We also monitor the differences between
average bedtimes, wake-up times and midpoint of sleep between
the diurnal preference types separately in 10-year age groups.
Finally, discrepancies between diurnal preference assessments and
the contribution of the PGSmorn on the total variance in diurnal
preference (sMEQ) and sleep-wake behavior (Sleepmid-wknd) are
analyzed in more detail.
2. Methods
2.1. Participants
The combined analytic samples used in this study are derived
from three population-based studies on Finnish adults, The Na-
tional FINRISK 2007 Study, The National FINRISK 2012 Study and
The FinHealth 2017 Study. All these studies used sex- and 10-year
age-group stratified random sample from five large geographical
areas in Finland, from 25 years old to 74 in 2007 and 2012 and from
18 years old onwards without upper age limit in 2017. More
detailed description of The National FINRISK 2007 and 2012 Studies
is given in our previous research [14]. For the purpose of this study,
we selected from The FinHealth 2017 Study only the participants
with similar age range than in previous population-based datasets,
from 25 to 74 years old. Total of 17,243 participants with informa-
tion on self-assessed diurnal preference were included in this
study. The mean age between the analytic samples ranged from
Mean ¼ 50.67 (SD ¼ 13.99) years in FINRISK 2007, Mean ¼ 51.02
(SD ¼ 14.09) years in FINRISK 2012 to Mean ¼ 52.12 (SD ¼ 13.80)
years in FinHealth 2017 Study (p < 0.0001 in one-way ANOVA). The
sex distribution differed somewhat between the analytic samples
(46.4% women in FINRISK 2007, 47.3% women in FINRISK 2012 and
44.1% women in FinHealth 2017 Study, p ¼ 0.002 in chi-square).
The National FINRISK 2007 and 2012 Studies and The Fin-
Health 2017 Study were approved by the Coordinating Ethics
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Finland. They were conducted according to accepted interna-
tional ethical standards in accordance with the Declaration of
Helsinki and its amendments. All the participants gave written
informed consent.
2.2. Diurnal preference
Diurnal preference was assessed in FINRISK 2007 and 2012
Studies by shortened 6-item version of the 19-item Horne-€Ostberg
Morningness-Eveningness Questionnaire (MEQ) [5]. The shortened
MEQ (sMEQ) consist of items 4, 7, 9, 15, 17 and 19 from the original
MEQ, as the combination of these items explained 83% of the
variance in the full MEQ scale [36]. The sum score of the sMEQ
items ranges from 5 (extreme eveningness) to 27 (extreme morn-
ingness). The sum score was categorized into three classes,
including the definite or moderate Morning-types (19e27 points),
the Intermediate-type (13e18 points), and the definite or moderate
Evening-types (5e12 points), reflecting the original MEQ sum score
scaling. We analyzed the Cronbach alpha for the MEQ items in the
combined datasets of FINRISK 2007 and 2012 and it was an
acceptable 0.76.
Only the MEQ item 19 (MEQi19) was available in The FinHealth
2017 Study, whereas it was included as one of the six items in
FINRISK 2007 and 2012 Studies. This question requests individuals
to estimate their diurnal preference as either Definitely a ‘morning’
person, More a ‘morning’ than an ‘evening’ person, More an ‘eve-
ning’ than a ‘morning’ person or Definitely an ‘evening’ person. This
item was used in this study to indicate self-assessed morningness/
eveningness.
2.3. Habitual sleep-wake behavior: midpoint of sleep
Midpoint of sleep was calculated based on self-reported bed-
times and wake up times, available in FINRISK 2012 Study and The
FinHealth 2017 Study, to indicate general sleep rhythm habits.
Midpoint of sleep was determined by the half of the time passed
in sleep since going to bed in local time separately for weekdays
and weekends [25]. Sleep-wake schedule on weekends was used
here as a chronotype measurement. We also calculated the cor-
rected midpoint of sleep (Sleepmid-corr) that accounts for the in-
fluence of sleep debt for those sleeping longer on weekends than
on weekdays [37]. The mean midpoint of sleep in weekdays
(Sleepmid-wk) in our combined analytic sample was at 2:45 AM
(SD ¼ 1 h 33 min), in weekends (Sleepmid-wknd) at 3:44 AM
(SD ¼ 1 h 18 min) and for Sleepmid-corr at 3:33 AM (SD ¼ 1 h
15 min).
2.4. Genetic liability: polygenic score for morningness
FINRISK 2007 and 2012 and FinHealth 2017 samples were
genotyped with Illumina (Illumina Inc., San Diego, CA, USA) and
Affymetrix arrays (Thermo Fisher Scientific, Santa Clara, CA, USA).
Quality control has been described elsewhere [45]. Genotyped
samples were pre-phased with Eagle 2.3.5 [46] and imputed with
Beagle 4.1 [47] at the Institute for Molecular Medicine Finland
(FIMM) using the population-specific SISu v3 imputation reference
panel.
PGS for morningness (PGSmorn) was derived from GWAS where
697,828 UK Biobank and 23andMe samples were studied (Jones
2019, PMID: 30696823). To generate the PGS we used UK Biobank
sample where full set of chronotype GWAS for 449,734 individuals,
40e69 years old, were available. PGS was constructed by calcu-
lating the weighted sum of risk alleles, which an individual carry.324The weight was determined by an effect size of an individual allele.
We used PRSice program [48] to estimate polygenic risks scores for
studied individuals. In this study we used p-value thresholds
5  108, 0.001, 0.01, 0.03, 0.1 and 1. We tested the best fit p-value
threshold for PGSmorn with an occupational cohort [49,50] where
information about the chronotype was collected with the same
question (MEQi19) as in UK Biobank study. Best fit p-value threshold
was 0.01 (PGSmorn-best-fit).
2.5. Control variables
The effect of sex and age on the associations between diurnal
preference measurements were taken into account in the sta-
tistical analyses, as there are age and sex related differences in
sleep and diurnal preference in the Finnish adult population
reported previously in FINRISK 2007 Study [51]. Information on
the sex was received from the Population Information System of
the national Population Register Centre. The age at the partici-
pation was calculated based on the year of birth given from the
Population Information System of the national Population Reg-
ister Centre.
2.6. Statistical analyses
First, chi-square tests and one-way ANOVA were used for
comparing the distribution of diurnal preference types by sex or
age.
Second, partial correlation analyses, adjusted with sex and age,
were used for analyzing the associations between continuous
chronotype measurements. Additionally, partial correlations
adjusted with sex between different PGSsmorn and other chro-
notype measurements were performed separately for those of ages
40e69 years old representing the age range used in the original
GWAS [39] and in comparison for younger ages in our data, ages
from 25 to 39 years old. These additional analyses were performed
in order to find out if the correlations were similar or stronger
between PGSsmorn and other chronotype measurements among the
age range used in the original GWAS as compared to younger ages.
Third, one-way ANCOVAs, adjusted with sex and age, were used
for analyzing the differences in Sleepmid-wknd and the PGSmorn-best-fit
between those answering to MEQi19 in line with or contradictory
against their sMEQ-based diurnal preference. Additionally, one-
way ANCOVAs, adjusted with sex, were used for analyzing this
also separately for each 10-year age-group.
Fourth, we divided the PGSmorn-best-fit into decile groups in
order to analyze with one-way ANOVA whether the mean sMEQ
sum differed between PGSmorn-best-fit decile groups. These ana-
lyses were performed for all ages together and also separately for
each 10-year age-group. The mean age between the decile groups
did not differ in one-way ANOVA (p ¼ 0.50), being 50.8e51.9
years.
Finally, we used hierarchical regression analyses to analyze the
contribution of the PGSmorn-best-fit on the variation in sMEQ sum,
MEQi19, and Sleepmid-wknd. In these analyses, age was included in
the first step, sex in the second step and PGSmorn-best-fit in the final
step.
3. Results
3.1. Prevalence of diurnal preference types and self-assessed
morningness/eveningness in Finnish adult population
As shown in Table 1, based on the sMEQ, Morning-type was the
most common diurnal type in the combined FINRISK 2007 and
Table 1
Prevalence of diurnal types in Finnish adult population aged 25e74 years.
Diurnal types based on sMEQ
Morning-types Intermediate-types Evening-types p-value
% (N) 45.6 (4833) 41.9 (4436) 12.5 (1323)
Mean age in years (SD) 53.8 (12.9) 49.2 (14.2) 44.8 (13.6) <0.0001
% separately by sex <0.0001
Men 48.4 (2334) 40.8 (1967) 10.8 (520)
Women 43.3 (2499) 42.8 (2469) 13.9 (803)
Diurnal types based on MEQi19
Definite Morning-types More Morning-oriented More Evening-oriented Definite Evening-types p-value
% (N) 21.5 (3664) 32.3 (5586) 31.3 (5415) 14.9 (2578)
Mean age in years (SD) 55.7 (12.4) 52.0 (13.6) 49.2 (14.2) 47.0 (14.4) <0.0001
% (N) separately by sex 0.25
Men 21.0 (1741) 32.6 (2705) 31.8 (2645) 14.6 (1214)
Women 21.9 (2130) 32.1 (3125) 30.9 (3007) 15.1 (1472)
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among men, while morningness was emphasized more among
men than among women (p < 0.0001). Morning-types were
significantly older than Intermediate-types or Evening-types
(p < 0.0001).
Based on the MEQi19 in the combined FINRISK 2007, 2012 and
FinHealth 2017 datasets, Finnish adults self-assessed themselves
more often as definite Morning-types than definite Evening-types
although the prevalence difference between these diurnal types
was not as steep as when compared to sMEQ Morning-and Eve-
ning-type prevalence (Table 1). The prevalence of more Morning-
oriented or more Evening-oriented types were higher than of the
definite diurnal types. There were no significant differences be-
tween men and women in self-assessment of morningness/eve-
ningness (p ¼ 0.25). Similar to the sMEQ, mean age was
progressively older among those self-assessing themselves more
Morning-types than Evening-types (p < 0.0001).Table 2
Partial correlations adjustedwith sex and age between circadian assessments. MEQ refers
onweekends, Sleepmid-corr refers to corrected midpoint of sleep and PGSmorn refers to poly
value threshold for PGSmorn in a separate occupational cohort. **** ¼ p-value <0.0001.
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0.107 **** 0.124 **** 0.101 **** 0.095 ****
PGSmorn p-
threshold 1
0.106 **** 0.116 **** 0.093 **** 0.086 ****
3253.2. Partial correlations between chronotype measurements
As shown in Table 2, all the correlations between sMEQ sum
score, MEQi19, Sleepmid-wknd and PGSsmorn were significant (all
p < 0.01). Of the chronotype measures, the correlation between
sMEQ and MEQi19 was the strongest.
sMEQ correlated better than MEQi19 with Sleepmid-wknd. The
moderate correlations between Sleepmid-wknd and questionnaire-
based diurnal preference indicated that those with more evening
preference had later weekend Sleepmid-wknd than those more to-
wards morning preference. Sleepmid-wknd shown as standardized z-
scores in Fig. 1 illustrates the progressively later sleep rhythm in
younger and more Evening-oriented adults as both by sMEQ
(Fig. 1a) and by MEQi19 (Fig. 1b).
MEQi19 correlated consistently slightly better than sMEQ sum
with the PGSsmorn, although overall the correlations were weak.
Correlations between different PGSsmorn and Sleepmid-wknd weretoMorningness/Eveningness Questionnaire, Sleepmid-wknd refers tomidpoint of sleep






























0.403 **** 0.775 ****
0.352 **** 0.693 **** 0.893 ****
0.294 **** 0.609 **** 0.796 **** 0.881 ****
0.252 **** 0.546 **** 0.728 **** 0.818 **** 0.922 ****
Fig. 1. Sleepmid-wknd as standardized z-scores for each 10-year age group by a) diurnal preference types based on the sMEQ sum score, and by b) the self-assessed morningness/
eveningness based on MEQi19.
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based diurnal preference more towards morning than evening or
earlier timed midpoints of sleep had higher PGSsmorn.3.3. Partial correlations between chronotype measurements on
adults aged 25e39 years old and 40e69 years old
The correlations between PGSmorn-best-fit and sMEQ sum were
somewhat stronger among the combined older age groups
resembling the age range of the original GWAS sample (Jones et al.,
2019), 40e69 years old (r ¼ 0.113, p < 0.0001), relative to 25e39
years old (r ¼ 0.108, p < 0.0001). The same was seen regarding the
correlations between PGSmorn-best-fit and Sleepmid-wknd (for 40e69
years old r ¼ -0.104, p < 0.0001; for 25e39 years old r ¼ -0.091,
p < 0.0001) and for Sleepmid-corr (for 40e69 years old r ¼ -0.100,326p < 0.0001; for 25e39 years old r ¼ -0.081, p < 0.0001). The cor-
relations between PGSmorn-best-fit and MEQi19 was, on the other
hand, slightly stronger among 25e39 years old (r ¼ 0.129,
p < 0.0001) than among 40e69 years old (r ¼ 0.126, p < 0.0001).3.4. Self-assessed morningness-eveningness by sMEQ diurnal
preference types
Although sMEQ andMEQi19 diurnal types correlated significantly
(r ¼ 0.871, p < 0.0001), there was some discrepancy in diurnal
classification when the self-assessment of different diurnal types
was analyzed in more detail. As shown in Fig. 2, while 99.5% of the
sMEQ Evening-types self-assessed themselves consistently as either
definite Evening-types or more Evening-oriented, ~5% of the sMEQ
Morning-types self-assessed themselves contradictory as more
Fig. 2. Distribution of MEQi19 self-assessed diurnal preference types by sMEQ diurnal types.
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Evening-types self-assessed themselves as definite Evening-types,
while only 44.4% of the Morning-types self-assessed themselves as
definite Morning-types. Of the sMEQ Intermediate-types, about 73%
self-assess themselves as either definite or more Evening-types. As
shown in Fig. S1, sMEQMorning-type men self-assessed themselves
more often contradictory as Evening-types than Morning-women.
3.5. Midpoint of sleep and PGSmorn among morning-types with
discrepancies in self-assessed diurnal preference
Table 3 shows that after controlling for sex and age, sMEQ
Morning-types self-assessing themselves contradictory to their
diurnal type had 26 min later weekend sleep midpoint and 25 min
later sleep debt corrected midpoint of sleep than consistently self-
assessing sMEQ Morning-types (both p ¼ 0.001). When Sleepmid-
wknd and Sleepmid-corr were analyzed separately for each 10-year-
age-group, Sleepmid-wknd was significantly later among sMEQ
Morning-types self-assessing themselves contradictory to their
diurnal type by 29 min among 45e54 years old (p ¼ 0.03) and by
34 min among 55e64 years old (p ¼ 0.009) as compared to
consistently self-assessing sMEQ Morning-types. Sleepmid-corr was
significantly later among sMEQ Morning-types self-assessing
themselves contradictory to their diurnal type by 35 min amongTable 3
Mean midpoint of sleep onweekends (Sleepmid-wknd) and corrected midpoint of sleep (Sle
line as Morning-types or contradictory as Evening-types in MEQ item 19 answers (MEQi
Morning-types self-assessing themsel
as definitely or more morning-oriente
Mean ± SD (h:min)
Sleepmid-wknd
For all ages between 25 and 69 3:18 ± 1:17
Ages 25 to 34 4:08 ± 1:23
Ages 35 to 44 3:37 ± 1:00
Ages 45 to 54 3:23 ± 0:56
Ages 55 to 64 3:06 ± 1:02
Ages 65 to 74 2:55 ± 1:38
Sleepmid-corr
For all ages between 25 and 69 3:07 ± 1:09
Ages 25 to 34 3:51 ± 1:21
Ages 35 to 44 3:20 ± 0:57
Ages 45 to 54 3:10 ± 0:53
Ages 55 to 64 2:55 ± 1:01
Ages 65 to 74 2:50 ± 1:23
32755e64 years old (p ¼ 0.009) as compared to consistently self-
assessing sMEQ Morning-types.
As shown in Fig. 3a, PGSmorn-best-fit was lower among sMEQ
Morning-types self-assessing themselves contradictory to their
diurnal type as compared to consistently self-assessing sMEQ
Morning-types (p ¼ 0.003). When PGSmorn-best-fit was analyzed
separately for each 10-year-age-group, this was evident among 55
to 64 (p ¼ 0.001, Fig. 3b) and 65 to 74 years old (p ¼ 0.03, Fig. 3c).
PGSmorn-best-fit did not differ significantly in other age groups be-
tween contradictory or consistently self-assessing sMEQ Morning-
types (p  0.12).
3.6. Diurnal preference sum score and midpoint of sleep by PGSmorn
As shown in Fig. 4a, where PGSmorn-best-fit was divided in to
deciles, mean sMEQ sum was higher for higher deciles of the
PGSmorn-best-fit indicating that stronger genetic tendency for
morningness corresponded in higher diurnal preference for
morningness as well (p < 0.0001). Fig. S2 illustrates themean sMEQ
sum by PGSmorn-best-fit decile groups separately for each 10-year-
age-group. For each age group, a similar trend was seen where
mean sMEQ sum was higher for higher PGSmorn-best-fit deciles
although this was not a purely linear trend (for each age group
p < 0.02). In general, mean sMEQ sumswere lower for younger agesepmid-corr) by 6-itemMEQ (sMEQ) Morning-types self-assessing their diurnal type in




as definitely or more evening-oriented
p-value
Mean ± SD (h:min)
3:44 ± 0:57 0.001
4:17 ± 1:15 0.85
3:56 ± 1:03 0.24
3:52 ± 0:44 0.03
3:40 ± 0:49 0.009
3:22 ± 0:53 0.19
3:32 ± 0:55 0.001
3:55 ± 1:14 0.97
3:43 ± 1:01 0.12
3:34 ± 0:43 0.05
3:30 ± 0:52 0.009
3:16 ± 0:53 0.17
Fig. 3. Box plots for PGSmorn-best-fit by Morning-types self-assessing themselves contradictory as definitely or more evening-oriented and Morning-types self-assessing themselves
in line as definitely or more morning-oriented for the participants aged a) 25e69 years, b) 55e64 years, and c) 65e74 years.
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ages, diurnal preference progressively being more towards morn-
ingness for older age groups.
As shown in Fig. 4b, mean Sleepmid-wknd was earlier for higher
deciles of PGSmorn-best-fit indicating that stronger genetic tendency
for morningness corresponded in earlier sleep-wake rhythm
(p < 0.0001). Fig. S3 illustrates mean Sleepmid-wknd by PGSmorn-best-fit
decile groups separately for each 10-year-age-group. For ages above
34 years (for each 10-year age group above 34 years p < 0.003), a
similar trend was seen where mean Sleepmid-wknd was earlier for
higher PGSmorn-best-fit deciles although this was not a purely linear
trend. In general, mean Sleepmid-wknd was later for younger ages
regarding all PGSmorn-best-fit decile groups as compared to older ages,
sleep-wake rhythm being progressively earlier for older age groups.
Fig. 4c and Fig. S4 show essentially similar results for Sleepmid-corr as
for Sleepmid-wknd. For ages above 34 years (for each 10-year age group
above 34 years p < 0.008), a similar trend was seen where mean
Sleepmid-corr was earlier for higher PGSmorn-best-fit deciles although
this was not a purely linear trend.
As Table 4 shows, higher age was associated in hierarchical
regression model with diurnal preference towards morningness,
age explaining 6% of the variance in diurnal preference based on
sMEQ sum and 4% of the variance in MEQi19. Age explained 11% of
the variance in Sleepmid-wknd and 8% of the variance in Sleepmid-corr,
indicating that younger age was associated with later midpoint of
sleep. Sex explained additional 0.3% of the variance in sMEQ indi-
cating slightly stronger diurnal preference towards morningness on
men than women. Sex did not significantly contribute to the vari-
ance in MEQi19, Sleepmid-wknd or Sleepmid-corr. Higher genetic ten-
dency towards morningness associated with stronger diurnal
preference towards morningness, PGSmorn-best-fit explaining addi-
tional 1% of the variance in sMEQ and additional 2% of the variance
in MEQi19. Earlier Sleepmid-wknd and Sleepmid-corr associated with328higher PGSmorn-best-fit, PGSmorn-best-fit explaining additional 1% of
the variance in midpoint of sleep.
4. Discussion
In the current study, we explored the correlations of different
types of chronotype assessments. Understanding the overlap be-
tween different measurement modes is important to evaluation of
different study outcomes in relation to chronotype. We found that
even though all the chronotype assessment methods studied here
correlated significantly, some of the correlations were very weak
and there were discrepancies between assessments. Also, the effect
of age on the total variation in chronotype assessment varied be-
tween assessments. In addition, in line with previous studies
[51,52], both the diurnal preference and habitual sleep-wake
rhythm among Finnish adults were progressively more morning-
oriented along older age-groups.
As expected, PGSsmorn, as based on the single diurnal preference
question, correlated best with MEQi19 than with other measures
[39]. However, all the associations between PGSsmorn and other
chronotype measures were very weak, especially regarding Sleep-
mid-wknd and Sleepmid-corr. One explanation for the weak correla-
tions between PGSsmorn and other chronotype measures here could
be that the original GWAS had a more limited participant's age
range, from 40 to 69 year old in the UK Biobank sample [39], than is
in this study. Previous studies have found that the genetic in-
fluences on diurnal preference can differ between generations
[6,8]. It is possible that calculating PGSmorn based on genetic
polymorphism and phenotypes from participants of certain age
range influences how well the PGS fits for different ages. However,
examining adults of the same age than the participants in the
original GWAS [39] separately from younger adults in our sample
improved these correlations only slightly among the older
Fig. 4. a) Average sMEQ sum and b) average Sleepmid-wknd by decile groups for PGSmorn-best-fit for those aged 25e69 years. 1 ¼ decile group with lowest PGSmorn-best-fit and
10 ¼ decile group with highest PGSmorn-best-fit.
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tween PGSsmorn and MEQi19 in our study could be the difference in
the genetic make-up of the UK and Finnish populations. Finnish
population has a unique genetic background due to the long iso-
lated history and a small population size with multiple possible
bottlenecks [53], which can limit the similarity of polymorphisms
with other populations. Furthermore, GWAS have been criticized in
presenting mostly arbitrary genetic associations that do not explain
heritability of complex traits very well or pinpoint the actual genes
contributing to the trait phenotype [54]. For instance, the genetic
feedback loops that contribute to the functioning of the circadian
clock are known to be complex [55,56] and the genetic influence on
chronotype variation substantial [6e8]. Yet, in this study the
PGSsmorn contributed only 1e2% to the variation in self-reported
diurnal preference, or habitual sleep-wake rhythm.
Of all chronotype assessment measurements, the Sleepmid-wknd
correlated strongest with the diurnal preference based on the
sMEQ. The 6-item MEQ might thus predict better the habitual
sleep-wake behavior than the self-assessed morningness-329eveningness based on the single item. The correlation between the
sMEQ and the Sleepmid-wknd presented here was very close to
previously reported correlation between the full MEQ and the self-
reported midpoint of sleep on free days [57]. The findings of this
study showed that age explained only 6% of the variation in diurnal
preference, while explaining 11% of the variance in Sleepmid-wknd
indicating that the Sleepmid-wknd varied more with the age than
diurnal preference among Finnish adults.
The correlation between the sum score of the sMEQ and the
MEQi19 in this study was strong, which is not surprising as MEQi19
was included in the sMEQ as one of the six MEQ items. However,
there was some discrepancy in how Morning-types self-assessed
their diurnal type. Approximately 5% of the sMEQ Morning-types
self-assessed themselves as more evening-oriented. This was
slightly emphasized in men among whom approximately 6%
considered themselves as more evening-oriented even though being
classified as Morning-types based on the sMEQ. Average Sleepmid-
wknd was almost half an hour later on those Morning-types consid-
ering themselves as more evening oriented, and this was
Table 4
Hierarchical Regression Model for sMEQ sum, MEQi19 and Sleepmid-wknd by PGSmorn-best-fit.
sMEQ sum by PGSmorn-best-fit MEQi19 by PGSmorn-best-fit Sleepmid-wknd by PGSmorn-best-fit Sleepmid-corr by PGSmorn-best-fit
r/R2 R2 Change
(p-valuea)































































































r ¼ Pearson correlation coefficient, R2 ¼ Variance in dependent variable explained by the model, R2 Change ¼ Additional variance in dependent variable explained by the novel
variable entered in the step, p-valuea ¼ Significance for additional variance in dependent variable explained by the novel variable entered in the step, b ¼ Standardized
coefficient, p-valueb ¼ Significance of the association between independent variable and dependent variable.
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wake rhythms were still earlier-timed than for Intermediate or
Evening types of persons. In addition, the PGSmorn-best-fit was lower
for Morning-types considering themselves as evening oriented, and
this was emphasized on those aged 55 years and above. Further-
more, less than half of the Morning-types considered themselves as
definite morning-types, while nearly three quarters of the Evening-
types considered themselves as definite evening-types. These find-
ings support the notion that crude classifications to specific diurnal
preference types are not strict, but that the circadian typology is
more of a continuum. It is possible, although this can only be spec-
ulated based on results here, that the presence of more later-timed
Morning-types, especially among men, reflects the tendency of the
circadian clock to run slower as the human pacemaker averages
slightly above 24 h [2], this being emphasized in men [58].
The results presented here suggest that assessing diurnal pref-
erence by single question can be unreliable criterion for classifi-
cation of individuals into either Evening-types orMorning-types, as
some individuals considering themselves as more Evening-types
actually fall in the morningness spectrum of the diurnal prefer-
ence variation and, based on the findings presented in this study,
Intermediate-types would mostly be classified as Evening-types.
For instance, prevalence of eveningness at the Finnish adult pop-
ulation level, aged 25e74 years, increased from 12.5% based on
sMEQ to 46.2% based onMEQi19. As adult GWAS for polymorphisms
in morningness-eveningness have conducted based on the single-
item self-assessment of diurnal types, they might not be well
suited for describing the actual variation in diurnal preference
types or sleep-wake rhythms among adults.4.1. Strengths and limitations
Strengths of this study include the large sample of adults repre-
senting population level variation in individual chronotype variation
at thewide age range of 25e74 years. As a limitation, information on330diurnal preference as based on sMEQwasnot available from the2017
sample, and information on the sleep-wake schedule was not
available from the 2007 sample. Another limitation to the study is
the lack of data on physiological measurements such as melatonin
onset or body temperature rhythm,whichwould not been feasible to
collect from such as large population-based sample.5. Conclusion
Even though all the chronotype assessment methods correlated
with each other, the correlations with especially PGSsmorn were
weak. In addition, even though the diurnal preference as based on
sMEQ and the MEQi19 correlated strongly, using the self-assessed
morningness-eveningness based on MEQi19 might classify the
chronotype variation falsely, especially by leading to over-
estimation of the prevalence of Evening-types in a study popula-
tion. The habitual Sleepmid-wknd, on the other hand, varied more
with age than diurnal preference indicating that diurnal preference
based on full MEQ or sMEQ could be more reliable in describing
long-term trends in chronotype. When only few or one assessment
method for individual chronotype are available for examining the
health outcomes by chronotype, these differences between the
feasible chronotype assessment methods should be kept in mind as
the associations are likely to differ depending onwhich assessment
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